Background: Older diabetic patients are more likely to be frail than those who do not have diabetes. Frailty is an important risk factor for both mortality and disability in older patients with type 2 diabetes. However, the mechanism of frailty in diabetes mellitus is not fully understood. Aims: The aim of this study was to identify the prevalence of frailty and associated factors in older patients with type 2 diabetes in Japan. Methods: A cross-sectional study was conducted with a total of 178 outpatients who were over 65 years old with type 2 diabetes. We used the Obu Study Health Promotion for the Elderly definition of frailty to divided subjects into a non-frail and a frail group. We investigated the association between frailty and various patient characteristics. Results: In the study, 21.4% of the older patients with type 2 diabetes were considered frail. There were no significant differences in the duration of diabetes, BMI, proportion of microvascular complications, or HbA1c values between the frail and non-frail group. However, serum albumin and IGF-1 levels were lower in the frail group than the non-frail group as were the Mini-Mental State Examination scores. The frail group had a higher number of medications than the non-frail group. In a multivariable analysis, frailty was positively associated with the number of medications and, lower levels of both serum albumin and IGF-1. Conclusion: Our study suggests that diabetes accelerates the aging process and frailty is associated with low albumin, polypharmacy and low levels of IGF-1.
Introduction
The prevalence of type 2 diabetes is increasing in the older population of Japan with patients over 65 years of age accounting for 40% or more of all diabetes patients [1] . Frailty is a state of increased vulnerability to stressors with reduced ability to maintain homeostasis. This condition is highly prevalent in old age and increases the risk of adverse outcomes, including falls, disability, hospitalization, and mortality [2] [3] . Identification of frailty is important as interventions may prevent or delay its clinical consequences. Older diabetic patients are more likely to be frail than those who do not have diabetes [4] [5] . The prevalence of frailty in a population of people with type 2 diabetes varies and has reported being between 5% -48%, based on different diagnostic criteria [6] . Frailty is an important risk factor for both mortality and disability in older patients with type 2 diabetes [7] . Several reports suggest that the assessment of frailty must become part of the routine evaluation of older diabetic patients [7] [8] [9] . However, the connection between diabetes and frailty is not fully understood in a clinical setting.
The purpose of this study was to identify the prevalence of frailty and factors associated with frailty in older patients with type 2 diabetes in Japan.
Methods

Participants
A cross-sectional study was conducted with a total of 178 patients who were over the age of 65 years, who had type 2 diabetes, and were attending an outpatient diabetes clinic of the National Center for Geriatrics and Gerontology between August 2015 to April 2016. Patients were selected randomly. If the total Barthel index, which measures functional independence, was <90 or 0 in any domains, the individual was considered to be disabled [10] and was excluded from the study. Individuals with acute disease or unstable chronic disease were also excluded.
The ethics committee of the National Center for Geriatrics and Gerontology approved the study protocol. We carried out this study in accordance with the provisions of the Declaration of Helsinki. Written informed consent was obtained from all participants before the study began.
Measurements
Medical records were used to obtain participants' age, duration of disease, blood test results, general physical measurements, number of current medications and diabetic complications. BMI was calculated as weight in kilograms divided by squared height in meters (kg/m The estimated glomerular filtration ratio (eGFR) was calculated using the serum creatinine concentration. Serum growth hormone (GH) and IGF-1 were assessed using immunoradiometric assay.
Frailty Evaluation
We evaluated frailty using the Obu Study of Health Promotion for the Elderly frailty scale, which included the following 5 components: slowed walking speed, reduced grip strength, low endurance, physical inactivity, and poor nutrition [11] . Each domain yielded a dichotomous score of 0 if the participant did not have these symptoms or 1 if the following criteria were met:
1) Slowed walking speed was established according to a cutoff of <1.0 m/s.
Walking speed was defined as the speed at which a patient could walk a distance of 2.4 m.
2) Weakness was assessed using grip strength. Low grip strength was established according to a sex-specific cutoff (male: <26 kg, female: <17 kg).
3) Endurance was assessed via a self-repot of exhaustion, which included questions from the Geriatric Depression Scale, such as "Do you feel full of energy?".
4) Physical activity was assessed using the following questions: "Do you engage in moderate levels of physical exercise or sports aimed at health?" and "Do you engage in low levels of physical exercise aimed at health?". If participants answered "no" to both questions, they were considered physically inactive.
5) Nutritional status was determined according to self-reports of weight loss.
Weight loss was defined as unintentional weight loss of ≥5% of total body weight in the past 2 years.
An ordinary variable with scores ranging from 0 to 5 was then created to account for the total points of all the above five components. We defined participants with ≥3 points as frail.
Statistical Analysis
Continuous data were tested for normal distribution by the Kolmogo- 
Results
Of the 178 older patients with type 2 diabetes, 38 (21.4%) were frail (Table 1) . Table 2 shows the overall clinical characteristics for the 178 patients, and the clinical characteristics for the group with frail and non-frail group. The median age and number of medications were higher in the frail group, while the median levels of serum albumin, GH and IGF-1 were lower in the frail group than those in the non-frail group. The frail group also showed a lower median Min-Mental State Examination scores. While the proportion of dyslipidemia is lower in the frail groups, the levels of LDL-C, HDL-C and TG were not significant differences. Between the frail and non-frail groups, there were no significant differences in the duration of diabetes, BMI, proportion of microvascular complications and HbA1c levels. There were no differences between the two groups in of the classes or types of medications used (Data not shown). Multivariable logistic regression analysis was performed to evaluate associations with frailty. After adjustment for age and sex, the multiple regression analysis indicated that a higher number of medications and, low levels of both serum albumin and IGF-1 were significantly associated with frailty (Table 3) . 
Discussion
In a previous study, the prevalence of frailty was found to be 11.3% for community-dwelling people in the same area, using the same definition of frailty [11] .
The prevalence of frailty was higher in this study which suggests diabetes may accelerate the aging process.
In the present study, we found that the following factors were associated with frailty: hypoalbuminemia, increased number of medications, and low levels of IGF-1. Serum albumin levels correlate inversely with functional decline in older people [12] . Hypoalbuminemia is the result of the combined effects of inflammation and inadequate protein and caloric intake in patients with chronic disease [13] . Low energy intake or low nutrient intake is significantly associated with frailty [14] . Therefore, hypoalbuminemia is thought to be related to undernutrition in and frailty in patients with diabetes mellitus.
IGF-1 plays important roles in the regulation of growth and cellular proliferation, and its synthesis is stimulated by nutrition and GH in liver and other tissues. Since IGF-1 is also regulated by in the liver, a significant reduction was observed in patients with type 1 diabetes [15] [16] . In type 2 diabetes, the levels of IGF-1 varied across several studies [17] [18] . Serum IGF-1 levels may be dependent on the balance between insulin resistance and insulin secretion in type 2 diabetes. In our study serum IGF-1 levels in the frail group were lower than the [19] .
In our study the number of medications in the frail group was greater than in the non-frail group. Although there is no consensus on the exact definition, concurrent use of multiple medications is known as polypharmacy. Patients with diabetes are often on multi-drug regimens which are needed for tight glycemic control, and frequently have comorbidities which also require multiple medications. Polypharmacy is associated with a higher incidence of frailty in older people [20] . While comorbidities are often seen in older populations, two studies found that polypharmacy was associated with frailty by using statistical analyses that controlled for multiple potential confounders including comorbidity [20] [21].
In our study the levels of HbA1c were not significantly different between the non-frail group and frail group. There has not been a definitive answer on the relationship as different studies have shown disparate results. One previous study showed hyper glycemia is associated with the development of frailty [22] , while another reported that low glycated hemoglobin levels were associated with higher severity of frailty defined by using the Clinical Frailty Scale (CFS) [1] . In the study of Zaslavsky and colleagues, average glucose levels less than 160 mg/dl and greater than 180 mg/dl were related to an increased risk of frailty. This showed an apparent U-shape association between glucose levels and frailty in diabetes patients [23] . Since our study is a cross sectional study and HbA1c is the average blood glucose levels for the last two to three months, there may be no significant differences between the frail and non-frail group.
Conclusion
In conclusion, we have documented the prevalence of frailty in older patients with type 2 diabetes and indicated that undernutrition, polypharmacy and low IGF-1 levels are associated with frailty. Our study had several limitations, including the cross-sectional design. Further longitudinal research studies are needed to identify the underlying mechanisms for these associations.
